Absence of long-range order in an $XY$ pyrochlore antiferromagnet
  Er$_2$AlSbO$_7$ by Che, H. L. et al.
ar
X
iv
:2
00
4.
11
26
5v
1 
 [c
on
d-
ma
t.m
trl
-sc
i] 
 23
 A
pr
 20
20
Absence of long-range order in an XY pyrochlore antiferromagnet Er2AlSbO7
H. L. Che,1 Z. Y. Zhao,2, ∗ X. Rao,1 L. G. Chu,1 N. Li,1 W. J. Chu,1 P. Gao,1 X. Y. Yue,3 Y. Zhou,3 Q. J.
Li,4 Q. Huang,5 E. S. Choi,6 Y. Y. Han,7 Z. Z. He,2 H. D. Zhou,5, 6 X. Zhao,8 and X. F. Sun1, 3, 9, †
1Department of Physics, Hefei National Laboratory for Physical Sciences at Microscale,
and Key Laboratory of Strongly-Coupled Quantum Matter Physics (CAS),
University of Science and Technology of China, Hefei, Anhui 230026, People’s Republic of China
2State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou, Fujian 350002, People’s Republic of China
3Institute of Physical Science and Information Technology,
Anhui University, Hefei, Anhui 230601, People’s Republic of China
4School of Physics and Material Sciences, Institute of Physical Science and Information Technology,
Anhui University, Hefei, Anhui 230601, People’s Republic of China
5Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996, USA
6National High Magnetic Field Laboratory, Florida State University, Tallahassee, Florida 32306-4005, USA
7High Magnetic Field Laboratory, Chinese Academy of Sciences,
Hefei, Anhui 230031, Peoples Republic of China
8School of Physical Sciences, University of Science and Technology of China,
Hefei, Anhui 230026, People’s Republic of China
9Collaborative Innovation Center of Advanced Microstructures,
Nanjing University, Nanjing, Jiangsu 210093, People’s Republic of China
(Dated: April 24, 2020)
Rare-earth pyrochlores are known to exhibit exotic magnetic phenomena. We report a study of
crystal growth and characterizations of a new rare-earth compound Er2AlSbO7, in which Al
3+ and
Sb5+ ions share the same positions with a random distribution. The magnetism are studied by
magnetic susceptibility, specific heat and thermal conductivity measurements at low temperatures
down to several tens of milli-kelvin. Different from the other reported Er-based pyrochlores exhibit-
ing distinct magnetically ordered states, a spin-freezing transition is detected in Er2AlSbO7 below
0.37 K, which is primarily ascribed to the inherent structural disorder. A cluster spin-glass state
is proposed in view of the frequency dependence of the peak position in the ac susceptibility. In
addition, the temperature and field dependence of thermal conductivity indicates rather strong spin
fluctuations which is probably due to the phase competition.
I. INTRODUCTION
Geometrically frustrated antiferromagnets have been a
topic of intensive interest due to their abundant and ex-
otic magnetisms. The rare-earth pyrochlores are one of
the famous families with three-dimensional spin frustra-
tion [1]. These materials have pyrochlore crystal struc-
ture with the space group Fd3¯m, in which the magnetic
rare-earth ions form a network of corner-sharing tetra-
hedra and are prone to a high degree of geometric frus-
tration. However, these materials are greatly sensitive to
weak perturbations (e.g. single-ion anisotropy, dipolar
interaction or quantum fluctuations) beyond the nearest-
neighboring exchange, which results in unconventional
low-temperature magnetic and thermodynamic proper-
ties including classical spin ice, quantum spin ice, etc.
In this material family, Er-based pyrochlores with
quantum XY spin anisotropy have been found to ex-
hibit some peculiar magnetic phenomena [2–5]. The ex-
change interactions between the nearest-neighboring Er
ions are anisotropic on account of the interplay between
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the spin-orbit coupling and crystal electric field (CEF),
leading to the anisotropic exchange phase diagram [6–
8]. There are four types of k = 0 magnetic structures,
including a noncoplanar antiferromagnetic (AFM) state
ψ2 (Γ5), a coplanar AFM state ψ3 (Γ5), a Palmer-Chalker
(PC) state Γ7, and a splayed ferromagnetic (FM) state
Γ9. Ground state of the Er-based pyrochlores is sensitive
to the exchange parameter, and could be finely tuned
by the chemical pressure. For example, Er2Ti2O7 is a
well-studied pyrochlore and a ψ2 state is selected by the
thermal or quantum fluctuations below TN = 1.2 K [9–
14], while Er2Ge2O7 enters into the ψ3 state below TN =
1.4 K [15, 16]. Both Er2Sn2O7 [17, 18] and Er2Pt2O7
[19, 20], however, undergo to the PC state below 0.1 K
and 0.3 K, respectively. All these Er-based pyrochlores
are magnetically ordered at low temperatures, but the
drastic reduction of TN for Er2Sn2O7 and Er2Pt2O7 is
discussed to be originated from the phase competition
between different ordered states in the anisotropic ex-
change phase diagram [18, 20].
In this work, we report a new Er-based pyrochlore
Er2AlSbO7 with inherent structural disorder, that is,
Al3+ and Sb5+ ions share the same positions with a
random distribution. With detailed characterizations by
means of dc and ac susceptibility, magnetization, spe-
cific heat, and thermal conductivity measurements, the
2ground state of Er2AlSbO7 is found to be a spin-freezing
state. The absence of magnetic order is dominantly as-
cribed to the exchange disorder on Er3+ ions and a cluster
spin-glass state is proposed. Moreover, the possible influ-
ence of phase competition on the suppression of magnetic
order is also discussed.
II. EXPERIMENTS
Er2AlSbO7 single crystals were grown by using the flux
method. Mixture of Er2O3, Sb2O3, and Al2O3 powder
with stoichiometric ratio were carefully ground. PbF2
was used as flux and added into the mixture in a weight
ratio of 12 : 1. The final mixture was loaded into an
aluminum crucible, kept at 1200 ◦C for 12 hours, and
then slowly cooled to 800 ◦C at a rate of 2 ◦C/h be-
fore quickly cooled to room temperature at a rate of 100
◦C/h. The as-grown single crystals are pink and translu-
cent with hexagon facet as shown in the inset to Fig.
1(a). The typical dimension of the crystal is about 1.5
× 1.5 × 1.5 mm3. Lu2AlSbO7 single crystals used as a
lattice reference in the specific heat analysis were grown
in the similar way.
Single crystal x-ray diffraction (XRD) was performed
on a Rigaku Mercury CCD diffractometer equipped with
a graphite-monochromated Mo Kα radiation (λ = 0.71
A˚) at room temperature. DC magnetic susceptibility was
measured by using a SQUID-VSM (Quantum Design).
AC magnetic susceptibility was measured with the con-
ventional mutual inductance technique with a oscillating
field of 1 Oe at frequencies between 71 Hz and 1231 Hz
at the temperature range from 20 mK to 1 K on a home
made set up [21]. Specific heat measurement was per-
formed by using the relaxation method at the temper-
ature range from 0.06 K to 30 K on PPMS (Quantum
Design) equipped with a 3He refrigerator insert (0.4–30
K) and a dilution refrigerator insert (0.06–0.4 K). The
thermal conductivity (κ) was measured at temperatures
down to 0.3 K and in magnetic fields up to 14 T in a
3He refrigerator by using a “one heater, two thermome-
ters” technique [22–24]. In view of the crystal size, the
heat current is always applied along the [110] direction
throughout this work and the magnetic field is applied
either along the [110] or [111] direction.
III. RESULTS AND DISCUSSION
A. Crystal Structure
XRD results demonstrate that Er2AlSbO7 crystallizes
in a cubic pyrochlore structure with Fd3¯m space group.
Erbium sits at the 16d (0.5, 0.5, 0.5), and both Al and Sb
atoms locate at 16c (0, 0, 0) with an equal concentration
in a random distribution. The refined structural param-
eters are given in Table I and the comparison together
with other Er2B2O7 (B = Ge, Ti, Sn) is plotted in Fig.
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FIG. 1. (Color online) (a) Lattice constant and the Er-O
bond length ratio vs ionic radius for the series of Er2B2O7.
Insert shows the photograph of a piece of Er2AlSbO7 single
crystal. (b) Length of Er-O1 and Er-O2 bonds in an ErO8
polyhedra for different Er2B2O7 members. Inset is the local
environment of a Er3+ ion.
1. It should be mentioned that there is no clear relation
between the magnetic ground state and the ionic radius
(IR) of B site. Er2Pt2O7 is not considered here since
Pt4+ ions with 5d6 configuration does not have a closed
d electron shell configuration, which is rather different
from the situations of empty d orbitals for Ti4+ or full-
filled d orbitals for Ge4+ and Sn4+. Indeed, the local co-
ordination of Er3+ ions and the distortion of ErO8 poly-
hedra in Er2Pt2O7 is quite unusual, which is discussed
to be related to the spatially more extended 5d orbitals
of Pt4+ ions [19]. In Er2B2O7 (B = Ge, Ti, Sn) series,
the lattice constant a is almost linearly increased with
increasing IR of B4+ ion [25], which implies a progres-
sive decrement of chemical pressure on Er3+ sublattice.
However, the lattice constant of Er2AlSbO7 (10.0828 A˚)
is found to be very close to that of Er2Ti2O7 (10.074 A˚)
[26]. On account of the smaller average IR for Al0.5/Sb0.5
site, the comparable chemical pressure in Er2AlSbO7 im-
plies a stronger distortion of ErO8 polyhedra as compared
with Er2Ti2O7. It should be noted that the average IR
for Er2AlSbO7 is a rough parameter to compare with
other Er-based pyrochlores due to the charge misbalance
of Al3+ and Sb5+ ions.
The distortion degree of ErO8 polyhedra can be param-
eterized using the ratio ρ≡dEr−O2/dEr−O1 to characterize
3TABLE I. Room temperature crystallographic data for
Er2AlSbO7.
Formula Er2AlSbO7
Formula weight 595.25
Wavelength (A˚) 0.71
Crystal system Cubic
Space group Fd3¯m
a (A˚) 10.0828(2)
b (A˚) 10.0828(2)
c (A˚) 10.0828(2)
α (◦) 90
β (◦) 90
γ (◦) 90
V (A˚3) 1025.05(4)
Z 8
Density (g cm−3) 7.714
µ (mm−1) 37.834
R1, wR2 (Fo > 4σFo) 0.0169, 0.0480
R1, wR2 (all data) 0.0173, 0.0482
Goodness-of-Fit 1.252
x of O1 at 48f (x, 1/8, 1/8) 0.3277(3)
Er-O1 (× 6) (A˚) 2.489(3)
Er-O2 (× 2) (A˚) 2.18299(5)
ρ [≡dEr−O2/dEr−O1] 0.8771
R1 = Σ || F o | − | F c || /Σ | F o |, wR2 = [Σw(F o
2 −
F c2)2/Σw(F o2)2]1/2
the axial distortion along the local [111] direction [15].
As displayed in Fig. 1(a), Er2AlSbO7 has the smallest ρ
which demonstrates the strongest axial distortion among
Er2B2O7 series. The unusually small ρ in Er2AlSbO7 is
associated with the much longer Er-O1 bonds as shown
in Fig. 1(b). It is clearly seen from the inset to Fig. 1(b)
that the nonmagnetic ions are only coordinated with O1
atoms, and the Al/Sb disorder is probably responsible
for the abnormally longer Er-O1 in Er2AlSbO7. On the
other hand, the charge misbalance of the Al/Sb occu-
pancy can also give rise to a different local CEF envi-
ronment of Er3+ ions via the shared O1 atoms. It seems
that charge mixture can efficiently modify CEF without
altering the average lattice constant much, which prob-
ably provides a feasible route to search for interesting
phenomena in the already known pyrochlores.
B. Magnetic Susceptibility
Figure 2 shows the magnetic susceptibility χ(T ) and
magnetization curves along three characteristic axes
[100], [110], and [111]. Although Er3+ spins are highly
anisotropic, the macroscopic magnetic properties look
isotropic and are similar to those of Er2Ti2O7 [27, 28].
χ(T ) is increased upon lowering temperature and no
anomaly associated with a long-range magnetic order is
observed down to 2 K. The high-temperature χ(T ) fol-
lows well the Curie-Weiss law and the fit between 100
and 300 K along the [111] direction measured in 0.1 T
yields a Weiss temperature θCW = -25.0(4) K and an ef-
fective moment µeff = 9.62 µB/Er
3+. The obtained |θCW|
is close to that of Er2Ge2O7 [15] but a little larger than
that of Er2Ti2O7 [14, 29] and Er2Sn2O7 [30, 31]. The
deduced µeff is comparable to that for other Er2B2O7
[14, 15, 29–31], and is consistent with the expectation
of 9.58 µB for the
4I15/2 ground state of Er
3+ ions. As
increasing field, the moment is monotonously increased
and achieves to about 4.5 µB/Er
3+ in 7 T. No evidence
for a field-induced magnetic transition is found from the
derivative of the magnetization curve (not shown).
To further characterize the magnetic ground state of
Er2AlSbO7, ac susceptibility was measured down to 20
mK. Figure 3(a) shows the temperature dependence of
the real part χ′ measured in the absence of dc field.
Clearly, a frequency-dependent peak is observed which is
a typical dynamic behavior for a spin-glass-like system.
The χ′ and the imaginary part χ′′ for f = 499 Hz as a
function of temperature in different dc fields are shown
in Figs. 3(b,c). As the field is increased, the peak posi-
tion is shifted to lower temperatures and the magnitudes
of both χ′ and χ′′ are suppressed. In 1 T, the peak is
almost smeared out.
A phenomenological classification can be done by es-
timating the Mydosh parameter δ = ∆Tf/(Tf∆logf)
[32, 33], where Tf is the freezing temperature defined as
the peak position in χ′(T ). This is a quantitative measure
of the relative peak shift in χ′ with frequency and usually
used as a criterion to distinguish the conventional spin-
glass, cluster-glass, and superparamagnetic systems. For
Er2AlSbO7, δ is calculated to be 0.054(1) as seen in Fig.
4(a). This value is intermediate between those reported
for the canonical spin-glass systems (δ ∼ 0.005) and those
for noninteracting ideal superparamagnetic systems (δ ∼
0.1) [32, 33]. The dynamic behavior in Er2AlSbO7 is an
intermediate situation, likely the so-called cluster glass.
Indeed, the δ value is comparable to those in the known
cluster-glass compounds, e.g., 0.086 for PrRhSn3 [34] and
0.062 for CeNi0.9Cu0.1 [35]. The name “cluster glass” or
“mictomagnetism” was firstly proposed in the metallurgy
with high concentration of impurities in alloys, which
can be considered as an ensemble of interacting magnetic
clusters. At low temperatures, these clusters will freeze
with random orientation in a manner analogous to the
spin-glass freezing [32]. The random distribution of Al3+
and Sb5+ probably acts as a role of highly concentrated
impurities and hinders the development of the magnetic
order in Er2AlSbO7.
Next, we analyze the frequency dependence of the
freezing temperature Tf . Arrhenius law is usually used
to describe the thermally activated processes for a super-
paramgnet,
τ = τ0exp(Ea/Tf). (1)
Here, τ = 1/2pif is the relaxation time and Ea is the ac-
tivation energy barrier. The linear fit in Fig. 4(b) gives
Ea = 18.2(4) K and τ0 ∼ 10
−22 s. It is known that for
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FIG. 2. (Color online) (a-c) Temperature dependencies of the magnetic susceptibility measured in fields from 0.1 T to 7 T
along three directions. (d-f) Magnetization curves measured at 2 K, 5 K, and 10 K along three directions. Inset to panel (c) is
the Curie-Weiss fit for data measured in 0.1 T.
the characteristic time τ0 is about 10
−9 ∼ 10−13 s in a
noninteracting superparamagnetic system [33]. The ob-
tained extremely short τ0 is thus unphysical and implies
that additional interaction among spins is present in the
system.
Vogel-Fulcher law is a modification of the Arrhenius
law which takes the interactions among the spin clusters
into account,
τ = τ0exp[Ea/(Tf − T0)], (2)
where T0 is the Vogel-Fulcher temperature and is a mea-
sure of the inter-cluster interaction strength. According
to the equation, a linear relation is expected when plot-
ting lnτ versus 1/(Tf − T0) for an appropriate T0. It is
found that the time τ0 becomes reasonable with adding
the T0 term. However, the yielded Ea and τ0 are very
sensitive to the selected T0 (not shown). Nevertheless,
the necessity of T0 supports the presence of the interac-
tions among magnetic clusters.
Another approach is the critical scaling formula assum-
ing that there exists a true equilibrium phase transition
at Tg,
τ = τ0(Tf/T g − 1)
−zv. (3)
In the vicinity of the phase transition, the relaxation time
τ follows a power-law divergence of critical slowing down
with zv the dynamic critical exponent. With three pa-
rameters (τ0, Tg, zv), a reasonable fit is shown in Fig.
4(c) with a fixed Tg = 0.37 K. The obtained zv = 6.5(2)
is well within the range 4 < zv < 12 for different spin-
glass systems [32, 36, 37], and the characteristic relax-
ation time τ0 ∼ 10
−8 s is consistent with those reported
in cluster-glass compounds.
C. Specific Heat
Figure 5(a) shows the temperature dependence of the
specific heat Ctotal measured between 60 mK and 30 K
and in the absence of the magnetic field. No λ anomaly
is observed, which is in agreement with the dc and ac
susceptibility and is a further support for the absence
of magnetic order. Instead, a broad maximum is found
around 0.8 K. Similar behavior is also observed in the
isostructural Er2GaSbO7 [38]. In order to get more in-
formation about the magnetic specific heat Cm and esti-
mate the entropy change, the specific heat of the isostruc-
tural nonmagnetic compound Lu2AlSbO7 is measured
and used as the lattice reference Clattice, as shown in Fig.
5(a). After subtracting Clattice, the contribution from the
magnetic Er3+ ions, named as CEr, is obtained. As seen
in Fig. 5(a), a broad hump of CEr is present above 15 K,
which is likely originated from the Er3+ CEF levels and
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FIG. 3. (Color online) Temperature dependencies of the ac
magnetic susceptibility measured in zero field with different
frequencies (a) and in different dc fields with f = 499 Hz
(b-c).
is named CCEF, similar to the case in Er2Ge2O7 [15]. In
the D3d symmetry, the 16-fold degenerate Er
3+ ion with
J = 15/2 split into eight doublets. In this work, the
CCEF contribution in Er2AlSbO7 is simulated including
the first two doublets using the following expression,
CCEF = R
(E1/T )
2g0g1e
−E1/T + (E2/T )
2g0g2e
−E2/T
(g0 + g1e−E1/T + g2e−E2/T )2
.
(4)
Here, g0 = g1 = g2 = 2 are the degeneracies for the three
doublets, E1 and E2 are the energy gaps of the first and
second excited doublets separated from the ground state,
and R is the universal gas constant. As can be seen in
Fig. 5(a) (blue line), the high-temperature hump feature
is well reproduced between 15 and 30 K, yielding E1 = 62
K and E2 = 123 K. The energy of the first excited dou-
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FIG. 4. (Color online) (a) Frequency dependence of the freez-
ing temperature plotted as ∆Tf/Tf versus ∆logf . The slope
of the fitted straight line is the Mydosh parameter δ. (b-c)
Arrhenius law and power-law fits for the temperature depen-
dence of the relaxation time τ .
blet is comparable to those reported in other Er2B2O7
compounds, determined by inelastic neutron scattering
measurements [4], i.e., 76 K for Ge, 73 K for Ti, 58 K for
Sn, while the second excited level is a little higher than
that for Ti (85 K) and Sn (86 K) but close to Ge (108
K).
Besides the CEF contribution, there is also an upturn
below 0.14 K which is ascribed to the nuclear contribu-
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FIG. 5. (Color online) (a) Temperature dependence of the
specific heat measured in the absence of magnetic field. Inset
is the CEr meaured in 4 T below 1 K. The blue and purple
solid lines are the fitted curves of the CEF and nuclear contri-
butions, respectively. (b) The magnetic specific heat and the
calculated entropy. The dashed line indicates the expected
value of Rln2 for S = 1/2 spin systems. Inset is the zoom in
of Cm below 1 K, which follows a T
1.2 dependence below 0.25
K.
tion of Er3+ ions. The expression is as following [16],
Cn =
R
T 2
i=I∑
i=−I
j=I∑
j=−I
(W 2i −WiWj)e
−
Wi+Wj
T
i=I∑
i=−I
j=I∑
j=−I
e−
Wi+Wj
T
, (5)
where I is the nuclear spin and the energy levels Wi are
given by
Wi = −a
′i+ P (i2 −
1
3I(I + 1)
), (6)
i = −I,−I + 1, ..., I − 1, I. (7)
Here, a′ is the magnetic interaction parameter and P is
the quadrupole coupling constant. With I = 7/2, the
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FIG. 6. (Color online) (a) Temperature dependencies of the
specific heat measured in the [111] direction field up to 10 T.
Cn contribution is extracted with a
′ and P as adjustable
parameters. Although the nuclear specific heat is almost
independent of the magnetic field, it is notable that the
upturn behavior is a bit field dependent, which is likely
ascribed to the contribution from the unrecovered elec-
trons at low temperatures. To get more accurate Cm,
we analyze the Cn data measured in 4 T with a sharper
upturn. As shown in the inset to Fig. 5(a), the best fit
gives a′ = 0.007 K and P = -0.002 K.
Finally, the magnetic contribution of Er3+ ions, Cm,
is obtained by subtracting Clattice, CCEF, and Cn from
Ctotal, as shown in Fig. 5(b). Below 0.25 K, Cm follows
a T 1.2 dependence, as seen in the inset to Fig. 5(b),
which is a further evidence for the spin-freezing state in
Er2AlSbO7 [32, 33]. The recovered magnetic entropy is
about 5.5 J/Kmol, which approaches the expected value
of Rln2 for S = 1/2 spin systems. This implies that Er3+
ions in Er2AlSbO7 can also be described as an effective
spin S = 1/2.
The measured specific heat Ctotal under the [111] di-
rection field are given in Fig. 6. With increasing field,
the broad peak around 0.8 K observed in zero field moves
to higher temperatures and almost disappears in 10 T.
The field dependence of this broad peak, however, is not
likely ascribed to the Schottky anomaly since the first
excited doublet is about 60 K higher than the ground
state doublet. In addition, the magnetic entropy associ-
ated with this broad peak is almost recovered to Rln2.
Therefore, the broad peak around 1 K is likely related to
the spin degrees of freedom within the isolated ground
state doublet [2].
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mal conductivities of Er2AlSbO7 single crystal measured in
the magnetic field along the (a) [110] and (b) [111] direction,
respectively. For comparison, the zero-field thermal conduc-
tivity data for Er2Ti2O7, taken from Ref. 22, are also shown
in panel (a). The dashed lines indicate the T 2 dependence.
D. Thermal Conductivity
Temperature dependencies of the thermal conductivity
with applied fields along the [110] and [111] directions are
displayed in Fig. 7. The behavior for both field directions
are almost the same. It is known that in the magnetic in-
sulators, the magnetic phase transitions can lead to clear
anomalies in the κ(T ) or κ(B) curves, due to the phonon
scattering by magnetic critical fluctuations [22–24]. In
zero field, the κ(T ) curves of Er2AlSbO7 single crystal
exhibit smooth temperature dependence, in good consis-
tence with the absence of a magnetic order. In addition,
a very weak phonon peak is observed around 16 K with
the magnitude about 5 W/Km. This is in sharp contrast
to the case of Er2Ti2O7, in which a clear peak is present
around 8 K and the magnitude is three times larger (∼ 15
W/Km) [22]. It is likely due to the strong lattice disorder
caused by the random Al/Sb occupancy. Below 1 K, the
κ nearly follows a T 2 dependence, which is strongly devi-
ated from the expected T 3 dependence in the boundary
scattering limit [39]. Since a spin-freezing transition of
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FIG. 8. (Color online) Thermal conductivity as a function of
the magnetic field along the (a) [110] and (b) [111] directions.
Er3+ ions is developed at lower temperatures, this phe-
nomenon may suggest phonon scattering caused by spin
fluctuations in Er2AlSbO7 [22–24]. However, the possi-
bilities of specular reflection effect and disorder-induced
decrease of the mean free path of phonons, which may
also result in a T 2 dependence, can not be excluded [40].
When applying a field of 2 T, the κ becomes much smaller
at low temperatures, and a slight slope change is detected
around 1.5 K. In higher fields, the κ is recovered to the
zero-field value and also follows the T 2 dependence be-
low 1 K, demonstrating that the spin fluctuations are still
active even in 14 T.
Figure 8 shows the field dependencies of the thermal
conductivity under the field along the [110] and [111] di-
rections. For both directions, the κ(B) isotherms exhibit
a broad dip-like feature, and the dip position shifts to
higher fields upon warming. The nearly isotropic be-
haviors resemble the paramagnetic scattering of phonons
[41, 42]. However, these κ(B) curves cannot be well fit-
ted by using a simple paramagnetic scattering formula,
which yields much narrower dip structure (not shown in
the figure) [41, 42]. In addition, a slight curvature is
visible around 3 T below 0.7 K for B ‖ [110], while the
κ(B) curves are rather smooth for B ‖ [111]. There-
fore, it is more likely that the strong field dependence
of κ is due to the phonon scattering by spin fluctua-
8tions, which can only be suppressed in very high mag-
netic field. In this regard, it is worthy of noting that in
another rare-earth titanate Tb2Ti2O7 the phonon scat-
tering by spin fluctuations are extremely strong, which
results in a phonon-glass-like behavior with very short
phonon mean free path [43].
IV. DISCUSSIONS
To summarize the main experimental results of
Er2AlSbO7, no signature for the long-range magnetic or-
der is observed down to 20 mK. Instead, a spin-freezing
ground state is possibly developed, judged from the fre-
quency dependence of the ac susceptibility and the T 1.2
dependence of the magnetic specific heat. The low-
temperature thermal conductivity data suggest the ex-
istence of rather strong spin fluctuations.
According to the frequency dependence of the peak po-
sition in the ac susceptibility results, a cluster spin-glass
state is likely realized in Er2AlSbO7. In Er-based py-
rochlores, Er2Ti2O7 is a fascinating compound due to the
novel ground-state selection via order-by-disorder mech-
anisms. It is widely accepted that the ψ2 structure is
stabilized through zero-point quantum fluctuation [10].
However, two theoretical works predicted that the struc-
tural disorder in Er2−xYxTi2O7 prefer to select the ψ3
state for small x [44, 45]. Neutron scattering measure-
ments have indeed observed the collapse of the spin gap
which is a direct measure of the selection of ψ2 over ψ3
state, and suggested that the ground state for 20%-Y
doping sample is a frozen mosaic of ψ2 over ψ3 domains
[46]. Recently, a cluster spin-glass state is predicted to be
stabilized at a stronger disorder [47]. In Er2AlSbO7, the
random distribution of Al and Sb atoms can be consid-
ered as a kind of exchange disorder which might be strong
enough to stabilize a cluster spin-glass ground state. One
may note that a sister material Er2GaSbO7 has been also
synthesized [38]. It is apparently has weaker random-
ness than Er2AlSbO7. However, since the ground state
of Er2GaSbO7 is still unknown [38], one cannot com-
pare the magnetic properties and disorder effect between
Er2GaSbO7 and Er2AlSbO7.
In fact, the cluster spin-glass state driven by the ex-
change disorder has been observed in NaA′Co2F7 (A
′ =
Ca, Sr), two recently discovered 3d transition metal py-
rochlore fluorides with the randomly distributed Na+ and
Ca2+/Sr2+ ions. Magnetic susceptibility measurements
suggested that Co2+ ions in both compounds undergo a
spin-freezing transition at low temperatures [48, 49]. A
magnetic model consisted of short-rangedXY AFM clus-
ters was proposed as the ground state [50, 51], which are
built from the linear combination of ψ2 and ψ3.
Besides the inherent structural disorder, the phase
competition between different ordered states in the XY
anisotropic exchange phase diagram might be also re-
sponsible for the significant suppression or even disap-
pearance of the magnetic order. The presence of the
broad anomaly in the specific heat below 10 K is con-
jectured to be an experimental clue of phase competi-
tion in Er-based pyrochlores [2]. In Er2B2O7 series, only
Er2Ti2O7 and Er2Ge2O7 order above 1 K and do not dis-
play such a broad anomaly, which is consistent with the
phase diagram that Er2Ti2O7 locates deeply inside the
Γ5 phase and far away from the phase boundary. The
robust Γ5 state to impurities in Er2−xYxTi2O7 also con-
firms that Er2Ti2O7 is far-removed from competing XY
phases. In contrast, Er2Pt2O7 and Er2Sn2O7 with re-
duced TN and stronger XY anisotropy display a broad
anomaly above TN. It has been confirmed from the inelas-
tic neutron measurement that the presence of the broad
anomaly in Er2Pt2O7 is resulted from the short-range
spin fluctuations, which is originated from the compe-
tition between Γ5 and Γ7 phases [20]. Er2Sn2O7, how-
ever, locates in close proximity to the boundary between
Γ5 and Γ7 phases in the anisotropic exchange phase di-
agram also implies a significant phase competition [18].
In Er2AlSbO7, the broad anomaly moves to higher tem-
peratures with increasing field, in opposite to the ten-
dency that the freezing temperature is gradually sup-
pressed as seen in the ac susceptibility measurement.
This implies that the broad anomaly in Er2AlSbO7 is
probably resulted from the phase competition and the
magnetic order is destroyed by the significant spin fluctu-
ations. The thermal conductivity data also suggest that
there are rather strong spin fluctuations that can scat-
ter phonons. However, since both the spin configuration
and the anisotropic exchange interaction are not known
at present, it is not clear which phases are involved into
the phase competition. The neutron scattering measure-
ments are called for clarifying this issue.
V. SUMMARY
Single crystals of a new rare-earth pyrochlore
Er2AlSbO7, in which Al
3+ and Sb5+ atoms share the
same positions with a random distribution, were grown
by flux method. Different from the other reported Er-
based pyrochlores, no signature for the long-range mag-
netic order is observed in Er2AlSbO7 at temperatures
down to several tens of milli-kelvin. Instead, a spin-
freezing transition is detected below 0.37 K, which is pri-
marily ascribed to the inherent structural disorder. A
cluster spin-glass state is likely formed based on the fre-
quency dependence of the peak position in the ac suscep-
tibility. The temperature and field dependence of ther-
mal conductivity indicates rather strong spin fluctuations
which is probably resulted from the phase competition.
It seems that charge mixture can efficiently modify CEF
without altering the average lattice constant much, which
probably provides a feasible route to search for interest-
ing phenomena in the already known pyrochlores.
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